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UPPER-AIR OBSERVATIONS AT APIA 
BY ANDREW THOMSON 

[Apia Observatory, Apia, Wfstern Sa 

This preliminary report, summarizes the results of J 
141 pilobballoon flights taken at Apia Observatory HZ 0 

between June 1, 1923, and December 31, 1934. The 
corn lete data iving the details for individuals flights 

The xpia Observatory, 13' 48.4' S, 171' 46' 30" W, 
on the is and of Upolu of the Samoan group, is sit,uated 
in the western portion of the South Pacific Ocean. It 
lies very remote from large land masses, the coast of 
South America is 10,000 kilometers to the east and the 
continent of Australia 4,000 kilometers to t,he west. 
Although there are numerous islands in this espanse, 
their area is so small that t,he effects exerted on the 
great circulation of the atmosphere must he inconsider- 
able. 

will g e ublishe $ shortly in an observatory bulletin. 
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'FIG. I.-Components of winds In the upper air at Apia, Western Samoa ( 1 3 O  48.4' S., 
171' 46.5' W.)I 5 O p  

45-y On the open ocean in the vicinity of Samoa trade 
winds from the quadrmt southeast to northeast blow 

A 
to February and for 85 per cent of the time from June 
to Au ust.'O "he observatory is shielded from south 3.5- 

4 winds%y a range of hills which reach a height of 1,100 
meters, the effect of which in diverting the circulation 3.0- 
to a more east-west direction has been found by kite 

x 2.5 - observations to a t e n d  to an altitude of 500 meters." 
\ Rubber balloons weighing 25-35 granis and 60-70 

grams were inflated to rise at  a rate of 180 meters per 2.0- 
minute. "he single theodolite method was eniployed 

/.5 > Weather Bureau were adopted throu hout. Balloons 
X0-k 

promise of remaining free from c.louds for 30 minutes or 0.75 7 
niore; about 80 per cent of the ascents were made between 0.50 - 
10 a. m. and 3 p. m. One balloon was observed to a 0 . 2 5 4  

for 45 per cent of the time during the quarter December ao- A 

and the procedure and methods of the United States 

were sent up on almost every occasion w fl en the sky gave 
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10 h n t h  Pacific Pilot Charts U. 8. Hydrogrnphic oWm. 
11 a. Angenhelstor, a sumdary of the meteorological observations of the Apia 

FIG. 9.-Mean wind dlrections and velocities at Apia, Western Samoa. Arrows fly 
wlth the wind: Velocities in meters per second, each leather representing one meter 

Observatory, p. 51. per second. 
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height of 21 kilometers, 6 to 15 kilometma, '40 t.0 10 
kilometers, and 70 to 5 kihmet.eis. 

The velocity axid clirect,ion of each flight wais detrr- 
mined for levels of 0.25 kilonietrer t n  1 kilonieber nncl for 
each 0.5 kiloniet,er above this. Velocit.ics wcre then 
resolved into north-south ani1 east,-west compone.nt,s. 
The algebraic sum of these conipononts for four mont.hs 
(November-February) in the met season ancl four mont.hs 
(May-August) in tho dry setison are shown in Fig. 1 
Tho normal meteorological conditions for t.lirse nion ths 
are given in Table I.. 
TABLE l.-Norw,al nieteorologicnl condifions, Apia, 1Bcsicrti Snnloa 

.. - - . . . . . . . . .. . . . . . . . -- 
! Mean hourly value of- 

- I Total 
Relative rainkill I 

At the surface there is it slight movcmeiit, of tho  air 
toward the equator, which, 11s a.lrendy stated, would bc 

eater except, for tlie shielding eft'eck of hills. From 2.5 
gometers to 8.5 kilometers the air movement has a 
small poleward component. From this height t.o 12 
kilometers, above which the number of observtitions is 
not sufficiently great to be relied on, there is a contrary 
movement toward the eyuat,or ; indications are, however, 
that this equatorward movement does not persist to 
higher levels. 

The low values of the north-south components m c  
not clue t.0 large south values being ca.nceled by large 
north vnluea ; the components t,liemaelves were con- 
sist.c.nt.ly low. This was apparent while making the 
observations, the balloons being taken far out to the 
westward and tslien a.f t,er passing through a very thin 
layer of nonmoving a.ir were brought bac.k approsimately 
over the heads of the observers. 

The east-west components are much simpler; the tradc 
w i d  movement to the west decreases steadily with 
nltit,ude, becoming zero a t  3.5 kilometers in November- 
Fcbruary, nnd 6.2 kilometers in Mny-ihgust. The 
nnt,itrticles set.t.ing in at  these levels continues t.0 increase 
in velocity to a height of 12 kilometers. 

combining the 

are shown graphically in Figure 2. Owing to the pre- 
vailing cloudy weather during Janua.ry and February, 
t,liere. are few balloon fli hts, and the intrusion of n 
westerly wind between t. 7 ie levels 2.0 kilometers and 
5.5 kilometers is doubtful. Altliou h the number of 
observntions abore the 15 kilometer P eve1 is sinall t-hert. 
seeins to be no indication of an upper trade wind at  an 
alt.itude less than 1s kilometers. 

Observat,ions are in progress wit,li two theodolites and 
special light filters, the latter being of ractical value in 
following bnlloons against the deep f hie  skies which 

The resultmt, wind was obtained b 
components. The datit for each perio i7 of two months 

- 
occur h&e. 

Acknowledanient is made to Dr. Russell Peiiibertoii 
for his aid in-the computational work and to the Chief 
of the United States Weather Bureau for the loan of 
apparatus. 

HOURLY RAINFALL PROBABILITIES AT LANSING, MICH. 
By C.. L. RAY 

[U. 8. We:ither Rurcsu. Lansing. Mirh.] 

Following the plan of Feldwiscli, wlrhose st.ucly of 
hourly prec.ipitation for Springfield, Ill., appeared re- 
cently,la the writer has used a somewhat similar method 
in niaking an analysis of the Lansing, Mich., rpcords, 
covering a period of 15 years, 1910-1954, indusirc. 
The months of May through October have been coil- 
sidered, tlie records being only occasionally lacking, due 
to failure of the recording gauge or to freczing t~eniperu- 
tures in the estreme months. The tabulations n-ill of' 
course be useful principally t.0 the local st.ation, as rv- 
quests come to hand for aid in planning rain insiirtnic~r 
policies. 

A table of frequency percentages for the sr-iernl (lays 
of tlie months, as April 6, May 12, etc. .  does n ~ t .  ap])ew 
to be of very much value, t,liou h somet,imes infcmiiation 

insurance for a particular clay. Hourly frecluenciw how- 
ever, reflecting diurnal influences are certainly w-c;crrt.liy (If 
some consideration by iindenvrit.ers and any otliclr pro- 
posin to enter into insurance agreements. 

inch or more precipitation within 1, 2 , 3 , i ,  5, ancl 15 hours, 
be-oinnin at midnight, 1 a. in., 3 a. m., etc., fc;r tho 2.4 
hours. fn  Table 2 and Figure 1 the total liourlj- rninfnll 
for the past 15 years is given, while in Figure 3 is ;1 10wn 
the total hourly amounts for the combined six nioat.lia 
period. 

In  June, according to Table 1, the inmimuin €requenc\- 
of precipitation of 0.10 inch occurs during tlie sis hours 
beginning at 4 p. m., while the houis beginning at. 11 ti. in., 
13 noon, etc., until 4 p. in., 5 p. ni., and cj p. in., are all 

of this nature is requested by t a ose interest,etl in rli.infall 

In ?r able 1 is shown the percentage frequency of 0.10 

-- 
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Flu. l.-Totul hourly amounts of precipitation. May to Ortoher. l$i10-10?4. iarliisirc, 

Laming, Mieh. Data Iruni Table 2 


